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1 Introduction

Reduced maximum transmit power is explicitly stated as an additional capability to target a new R13 LC-MTC UEs [1]. Specifically, 
· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

This paper analyzes impacts on introducing a reduced UE power class for UEs in normal coverage and enhanced coverage. 
2 Impacts for UEs in Normal Coverage
UE Power Class 1 of 31 dBm and Class 3 of 23 dBm are defined in TS 36.101 [2]. Assuming 20 dBm could enable cheap on-chip PA implementations [3] and comparing to the coverage for normal LTE UEs [4], the MCL for R13 MTC UEs with a new power class of 20 dBm is summarized in Table 1.
Table 1: MCL for normal UEs and R13 MTC UEs with the max. output power of 23 or 20 dBm in FDD

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	 MCL for normal UEs
	147.2
	141.7
	140.7
	145.4
	149
	149.3
	146.1

	 MCL for R13 MTC UEs
(with  max 23 dBm output power and 1Rx)
	147.2
	141.7
	140.7
	141.4
	145
	145.3
	142.1

	 MCL for R13 MTC UEs
(with  max 20 dBm output power and 1Rx)
	144.2
	138.7
	137.7
	141.4
	145
	145.3
	142.1


Note 1: 3dB loss for UL and 4dB loss for DL is assumed due to the maximum 20dBm output power and 1Rx. 

Note 2: PUSCH with 140.7 dB is the limiting channel for pre-R12 UEs coverage and coverage for R13 MTC UEs with the max. 23 dBm output power. 

Note 3: PUSCH with 137.7 dB is the limiting channel for coverage for R13 MTC UEs with the max. 20 dBm output power. 

Observations from Table 1: 
· Impact of the max. 20 dBm output power on coverage is
· There is 3 dB cell coverage loss comparing to the coverage for normal UEs. 

3 Impacts for UEs in enhanced Coverage
According to the statement in the R13 WID [1]:

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

Though 15 dB is the target in the WID, it is worth to consider 10 dB CE as a starting point of the work in view of inefficient spectral efficiency and power consumption arising from larger amount of repetition number of 15 dB CE. 

The cell coverage after 10 dB improvement for normal UEs, R13 MTC of power class of 23 dBm/20 dBm UEs with respect to their nominal coverage is listed in the last column of Table 2. Note that 15 dB coverage improvement is also provided in the table. The corresponding compensations for normal UEs, R13 MTC of 23 dBm and R13 MTC of 20 dBm UEs are summarized in Table 3 and Table 4, respectively.
Table 2: Cell coverage after 10/15 dB coverage improvement w.r.t. normal, R13 MTC UEs nominal coverage in FDD
[image: image1.emf]Physical channel name

PUCCH

(1A)

PRACH PUSCH PDSCH PBCH SCH

PDCCH
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Cell coverage after

10dB improvement

Cell coverage after

15dB improvement

 MCL for normal UEs 147.2 141.7 140.7 145.4 149 149.3 146.1 150.7 155.7

 MCL for R13 MTC UEs

(with  max 23 dBm output power and 1Rx)

147.2 141.7 140.7 141.4 145 145.3 142.1 150.7 155.7

 MCL for R13 MTC UEs

(with  max 20 dBm output power and 1Rx)

144.2 138.7 137.7 141.4 145 145.3 142.1 147.7 152.7


Note 1: 3dB loss for UL and 4dB loss for DL is assumed due to the maximum 20dBm output power and 1Rx. 

Table 3: Compensations for coverage of R13 UEs in 10 dB enhanced coverage (dB) w.r.t. their nominal coverage in FDD
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PUCCH
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Compensations for normal UEs for 10dB

coverage improvement w.r.t. their nominal

coverage

3.5 9 10 5.3 1.7 1.4 4.6

Compensations for R13 MTC UEs

(with  max 23 dBm output power and 1Rx)  for

10dB coverage improvement w.r.t. their nominal

coverage

3.5 9 10 9.3 5.7 5.4 8.6

Compensations for R13 MTC UEs

(with  max 20 dBm output power and 1Rx)  for

10dB coverage improvement w.r.t. their nominal

coverage

3.5 9 10 6.3 2.7 2.4 5.6


Table 4: Compensations for coverage of R13 UEs in 15 dB enhanced coverage (dB) w.r.t. their nominal coverage in FDD
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PUCCH
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PDCCH
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Compensations for normal UEs for 15dB

coverage improvement w.r.t. their nominal

coverage

8.5 14 15 10.3 6.7 6.4 9.6

Compensations for R13 MTC UEs

(with  max 23 dBm output power and 1Rx)  for

15dB coverage improvement w.r.t. their nominal

coverage

8.5 14 15 14.3 10.7 10.4 13.6

Compensations for R13 MTC UEs

(with  max 20 dBm output power and 1Rx)  for

15dB coverage improvement w.r.t. their nominal

coverage

8.5 14 15 11.3 7.7 7.4 10.6


Observations from Table 3 and Table 4: 

· Impact of the max. 20 dBm output power on coverage compensations is
· No effect on the compensations for uplink
· Require less compensations for downlink
4 Other impacts

a) Cost savings

According to TR 36.888 [4], removal of the power amplifier will result in a 10-12% overall relative cost saving and an output power in the order of 0dBm. A lower saving is seen when the power amplifier is retained but there is a reduction in output power and relaxation in linearity: in this case the saving amounts to 2-7%.

b) Power consumption

Reducing the maximum output power aims for cost savings but may reduce power consumption as well, as it does not affect coverage compensation for uplink and require less coverage compensations for downlink if improving 10/15 dB with respect to their nominal coverage, so that power consumption may be less when reducing the maximum output power. 

c) Impact on specification

RAN4 would determine the maximum output power and create a new UE power class with additional definition of related requirements such as MPR and A-MPR levels. It would also be necessary to ensure that existing RF requirements are met.
5 Conclusions
The impacts of reducing the maximum output power (e.g., to 20 dBm) are analyzed for UEs in normal coverage and enhanced coverage in terms of MCL, cost savings, power consumption and specification efforts. Conclusions as following could be derived:
If R13 MTC UEs have the maximum output power of 20 dBm,

· There is 3 dB cell coverage loss comparing to the coverage for normal UEs.
· No effect on the amount of compensations for uplink and requires less compensations for downlink for coverage improvement with respect to their nominal coverage.
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